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(57) ABSTRACT 

A device for detecting image information includes an inter 
mediate transfer member con?gured to hold a pattern image; 
a detecting unit con?gured to optically detect the pattern 
image; a secondary transfer unit con?gured to contact With 
and separate from the intermediate transfer member; and a 
control unit that controls the secondary transfer unit in such 
a manner that the secondary transfer unit does not contact 
the intermediate transfer member While the detecting unit is 
detecting the pattern image, and that controls the secondary 
transfer unit in such a manner that the secondary transfer 
unit contacts the intermediate transfer member after the 
detecting unit ?nishes detection of the pattern image. 

19 Claims, 15 Drawing Sheets 
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IMAGE-INFORMATION DETECTING 
DEVICE AND IMAGE FORMING 

APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present document incorporates by reference the entire 
contents of Japanese priority documents, 2004-223935 ?led 
in Japan on Jul. 30, 2004 and 2004-228436 ?led in Japan on 
Aug. 4, 2004. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a technology for detecting 

image information from pattern images in an image forming 
apparatus. 

2. Description of the Related Art 
In an image forming apparatus such as a copier, a fac 

simile machine, a printer, or a printing machine, a visual 
image carried on a photosensitive element is transferred to 
a transfer member. 

Arecording sheet that directly contacts the photosensitive 
element or a belt-type transfer member is used as the transfer 
member. The belt-type transfer member is used to form a 
multi-color image. 

To form a multi-color image, the image forming apparatus 
employs photosensitive elements. On each of the photosen 
sitive elements, a latent image of a different color is formed. 
A belt facing the photosensitive elements is rotated. The belt 
functions as an intermediate transfer member or a conveying 
member that caries a recording sheet on a surface (refer to 
Japanese Patent Application Laid Open No. Hl0-l6l388). 
When the belt is used as the intermediate transfer member, 

each image formed on each photosensitive element is 
sequentially transferred and superposed onto the intermedi 
ate transfer member, by a primary transfer process. The 
superposed image is then transferred to a recording sheet by 
a secondary transfer process. When the belt is used as the 
conveying member, a recording sheet is carried on the 
surface of the belt facing the photosensitive element. As the 
belt rotates, images formed on each photosensitive element 
are sequentially superposed on the recording sheet. 

In an image forming apparatus used for forming multi 
color images, image quality, such as color reproducibility, 
needs to be stabiliZed. There is a method of stabiliZing image 
quality by forming pattern images to detect image density, as 
disclosed in Japanese Patent Application Laid Open No. 
H 1 0-1 613 88. 

Speci?cally, pattern images are formed on the photosen 
sitive element or the intermediate transfer belt, and the 
pattern images are optically read. Based on results obtained 
by reading the pattern images, a feedback control is per 
formed to control various parameters of image forming 
conditions. 

The feedback control is performed as folloWs. An image 
density detecting sensor detects an amount of toner adhering 
to a pattern image formed on the intermediate transfer belt. 
When the amount does not satisfy a predetermined condi 
tion, various parameters are controlled to satisfy the condi 
tion. The parameters include a Writing output property, a 
charging property of the photosensitive element, a charging 
property that affects adherence of the toner in a developer, 
and a developing bias property that controls the amount of 
toner adherence. 
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2 
The pattern images formed on the intermediate transfer 

belt are larger than a detection area detected by the image 
density detecting sensor. Density of a pattern image that 
covers the entire detection area is measured. Based on the 
detected density, the amount of toner adherence is calcu 
lated. The calculated amount is used to determine Whether 
the predetermined condition is satis?ed. 

The pattern images are formed in an area other than a 
regular area in Which a regular image is formed so as not to 
overlap a starting end of the regular area in Which a next 
regular image is to be formed. A secondary transfer device 
is separated from the intermediate transfer belt While density 
of the pattern images is detected (refer to Japanese Patent 
Application Laid Open No. 2000-123052). 

Moreover, an optical senor facing the intermediate trans 
fer belt at a portion stretched out in a circumferential 
direction is used to detect the density (refer to Japanese 
Patent Application Laid Open No. 2002-123052, Japanese 
Patent Application Laid Open No. 2003-167394). 

In the conventional technology, as disclosed in Japanese 
Patent Application Laid Open No. H9-204l08, the detecting 
sensor is provided at a doWnstream side of a primary transfer 
position of the intermediate transfer belt and an upstream 
side of a secondary transfer position. HoWever, this layout is 
disadvantageous in that the detecting sensor faces upWard 
and toner scatters on to the detecting sensor. Moreover, 
because a suf?cient distance is required betWeen the primary 
transfer position and the secondary transfer position, it is 
dif?cult to reduce a siZe of the image forming apparatus, and 
to reduce time required to complete print of the ?rst page. 
On the other hand, if the detecting sensor is provided at 

a downstream side of the secondary transfer position, a 
secondary transfer roller needs to be applied With a bias of 
the same polarity as that of the toner When the image 
patterns pass through the secondary transfer position, as 
disclosed in Japanese Patent Application Laid Open No. 
H7-253729. HoWever, it is impossible to completely prevent 
the toner from transferring to the secondary transfer roller. 
Moreover, an amount of the toner transferring to the sec 
ondary transfer roller is affected by the environment. Thus, 
the toner soils the surface of the secondary transfer roller, 
and the soiled secondary transfer roller soils a rear surface 
of a sheet of transfer paper. Moreover, irregularities in 
pattern images might be caused, resulting in inaccurate 
detection of the image density. One approach is to separate 
the secondary transfer roller from the intermediate transfer 
member. HoWever, When the pattern image is created in 
betWeen regular images being printed out continuously, such 
an action of attachment and detachment of the secondary 
transfer roller causes undesired variations in rotation of the 
intermediate transfer member. This has a detrimental affect 
on the images. 

Another approach is to use a non-contact-type secondary 
transfer device such as corotron. HoWever, this increases 
oZone emission, and is disadvantageous in terms of convey 
ability of transfer paper. 

In a technology disclosed in Japanese Patent Application 
Laid Open No. 2002-123052, the secondary transfer roller 
contacts With and separates from the intermediate transfer 
belt for detecting the pattern images. Accordingly, extra time 
is required to be provided for such movement. This requires 
larger intervals betWeen recording sheets being conveyed on 
the intermediate transfer belt. As a result, image processing 
takes longer time. 

Moreover, an impact of the secondary transfer roller due 
to such movement causes the intermediate transfer belt to 
shake. This affects an optical distance betWeen the pattern 
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images and the detecting sensor, resulting in detection 
errors. To overcome this problem, formation of pattern 
images is delayed from When regular images are formed, as 
shoWn in FIG. 16. The image forming process for regular 
images is suspended, and the secondary transfer roller 
separates from the intermediate transfer belt, before density 
of the pattern images is detected. In this manner, the 
detection process is unaffected by the shaking of the inter 
mediate transfer belt. However, it takes a signi?cantly long 
time for suspending and resuming the image forming pro 
cess. If the optical sensor is positioned facing the portion of 
the intermediate transfer belt stretched out in the circumfer 
ential direction (refer to Japanese Patent Application Laid 
Open No. 2002-123052 and Japanese Patent Application 
Laid Open No. 2003-167394), the impact of the shake of the 
secondary transfer roller is particularly large. 
A cleaning device can be provided to remove toner 

adhering to the secondary transfer roller after the secondary 
transfer process. HoWever, the cleaning device is not pro 
vided When space and costs need to be saved. When the 
cleaning device is not provided, the above-described con 
tacting/ separating mechanism is required. HoWever, usually, 
no means for solving problems caused by the shaking of the 
intermediate transfer belt is provided. 

Pattern images are formed to provide image information 
on each color. Therefore, all pattern images need to be 
formed on the intermediate transfer belt before the second 
ary transfer process begins. HoWever, When the secondary 
transfer process is brought forWard in order to save time, a 
pattern image of a last color might not yet be formed. Thus, 
depending on timing in starting the secondary transfer 
process, the pattern images cannot be properly formed. 
When performing the feedback control in an image form 

ing apparatus including more than one image forming unit 
and the intermediate transfer member, pattern images With 
different amounts of toner adherence are formed by chang 
ing image forming conditions. It is dif?cult to perform a 
regular image forming operation during the feedback con 
trol. Thus, copying and printing operations need to be 
suspended While the feedback control is performed. 
The time of the feedback control needs to be minimiZed 

to reduce a doWntime during Which copying and printing 
operations are suspended. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to at least solve the 
problems in the conventional technology. 
A device for detecting image information according to 

one aspect of the present invention includes an intermediate 
transfer member con?gured to hold a pattern image; a 
detecting unit con?gured to optically detect the pattern 
image; a secondary transfer unit con?gured to contact With 
and separate from the intermediate transfer member; and a 
control unit that controls the secondary transfer unit in such 
a manner that the secondary transfer unit does not contact 
the intermediate transfer member While the detecting unit is 
detecting the pattern image, and that controls the secondary 
transfer unit in such a manner that the secondary transfer 
unit contacts the intermediate transfer member after the 
detecting unit ?nishes detection of the pattern image. 
An image forming apparatus according to another aspect 

of the present invention includes a device for detecting 
image information according to the above aspect. 
An image forming apparatus according to still another 

aspect of the present invention includes an intermediate 
transfer member con?gured to hold a toner image and a 
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4 
pattern image; a secondary transfer unit con?gured to con 
tact With and separate from the intermediate transfer mem 
ber; a detecting unit con?gured to optically detect an amount 
of toner adhering to the pattern image to obtain a value, the 
detecting unit arranged doWnstream of rotation of the inter 
mediate transfer member to the secondary transfer unit, the 
pattern image formed in a region in Which a regular image 
is not formed; and a control unit that controls any one of an 
image forming condition and an amount of toner to be 
replenished depending on the value. The control unit further 
controls separating timing at Which the secondary transfer 
unit separates from the intermediate transfer member and 
contacting timing at Which the secondary transfer unit 
contacts With the intermediate transfer member, according to 
a type of image forming operation. 
An image forming apparatus according to still another 

aspect of the present invention includes an image forming 
station that includes an image carrier con?gured to hold a 
toner image and a pattern image; an intermediate transfer 
member on Which the toner image is transferred, a secondary 
transfer unit con?gured to contact With and separate from 
the intermediate transfer member; a detecting unit con?g 
ured to optically detect an amount of toner adhering to the 
pattern image to obtain a value, the detecting unit arranged 
doWnstream of rotation of the intermediate transfer member 
to the secondary transfer unit, the pattern image formed in 
a region in Which a regular image is not formed; and a 
control unit that controls any one of an image forming 
condition and an amount of toner to be replenished depend 
ing on the value. The control unit further controls separating 
timing at Which the secondary transfer unit separates from 
the intermediate transfer member and contacting timing at 
Which the secondary transfer unit contacts With the inter 
mediate transfer member, according to a type of image 
forming operation. 
The other objects, features, and advantages of the present 

invention are speci?cally set forth in or Will become appar 
ent from the folloWing detailed description of the invention 
When read in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic of an image forming apparatus to 
Which an image-density detecting method according to an 
embodiment of the present invention is applied; 

FIG. 2 is a schematic of a process cartridge employed in 
the image forming apparatus shoWn in FIG. 1; 

FIG. 3 is a block diagram of a control unit that performs 
the image-density detecting method; 

FIG. 4 is a schematic of pattern images used in the 
image-density detecting method; 

FIG. 5 is a schematic for illustrating an arrangement of 
photosensitive elements for forming the pattern images; 

FIG. 6 is a timing chart of an image forming processing 
for forming the pattern images; 

FIG. 7 is a schematic for illustrating a con?guration for 
preventing an intermediate transfer belt from shaking and 
sWaying; 

FIG. 8 is a ?owchart of a processing performed by the 
control unit; 

FIG. 9 is a variation of the pattern images shoWn in FIG. 
4; 

FIG. 10 is a timing chart of an image forming processing 
for forming the pattern images shoWn in FIG. 9; 

FIG. 11 is a timing chart of a conventional image forming 
processing for forming the pattern images shoWn in FIG. 9; 
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FIG. 12 is a schematic for illustrating positions of the 
pattern images When the conventional image forming pro 
cessing shoWn in FIG. 11 is performed; 

FIG. 13 is a timing chart of an image forming processing 
for forming pattern images according to the embodiment; 

FIG. 14 is another timing chart of the image forming 
processing shoWn in FIG. 13; 

FIG. 15 is a schematic of a pattern block including pattern 
images of different densities formed by gradually changing 
a developing bias voltage; and 

FIG. 16 a timing chart of a conventional image forming 
processing for forming pattern images. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Exemplary embodiments of the present invention Will be 
described beloW With reference to accompanying draWings. 
The present invention is not limited to these embodiments. 

FIG. 1 is a schematic of an image forming apparatus 100 
according to an embodiment of the present invention. The 
image forming apparatus 100 is a color printer; hoWever, the 
present invention can also be applied to a copier, a facsimile 
machine, a print machine, or a composite machine having 
multiple functions. 

The image forming apparatus 100 employs a tandem 
structure, in Which photosensitive elements 20Y, 20M, 20C, 
and 20Bk are juxtaposed. On each of the photosensitive 
elements 20Y, 20M, 20C, and 20Bk, yelloW, magenta, cyan, 
and black images are formed, respectively. An intermediate 
transfer belt 11 is an endless belt that faces the photosensi 
tive elements 20Y, 20M, 20C, and 20Bk and rotates in a 
direction A1 indicated by an arroW shoWn in FIG. 1. By a 
primary transfer process, visible toner images formed on 
each of the photosensitive elements 20Y, 20M, 20C, and 
20Bk are superposed on the intermediate transfer belt 11. 
The position at Which the primary transfer process is per 
formed is referred to as a primary transfer position. By a 
secondary transfer process, the images superposed are trans 
ferred onto a sheet of transfer paper S by a secondary 
transfer roller 5. The position at Which the secondary trans 
fer process is performed is referred to as a secondary transfer 
position. 

Devices for performing an image forming processing are 
arranged around each of the photosensitive elements 20Y, 
20M, 20C, and 20Bk. The photosensitive element 20Y for 
forming yelloW images shoWn in FIG. 2 is taken as an 
example. A charging device 30Y that charges the photosen 
sitive element 20Y, a developing device 40Y including a 
developing sleeve 40Y1, a primary transfer roller 12Y, and 
a cleaning device 50Y are arranged around the photosensi 
tive element 20Y. 

After a charging process, an optical scanning device 8 
(shoWn in FIG. 1) performs a Writing process by irradiating 
a laser beam L to the photosensitive element 20Y. After the 
cleaning device 50Y removes residual toner from the pho 
tosensitive element 20Y, a discharging device (not shoWn) 
discharges the photosensitive element 20Y. 

The photosensitive element 20Y, the charging device 30Y, 
the developing device 40Y, and the cleaning device 50Y are 
provided in a process cartridge that is detachably attached to 
the image forming apparatus 100. When these devices are 
depleted, they can be replaced at once With a neW process 
cartridge. A set of the photosensitive element and the process 
cartridge is referred to as an image forming station. 

The primary transfer process is described With reference 
to FIG. 1. Primary transfer rollers 12Y, 12M, 12C, and 12Bk 
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6 
are located opposite to the photosensitive elements 20Y, 
20M, 20C, and 20Bk respectively so that the intermediate 
transfer belt 11 is sandWiched therebetWeen. As the inter 
mediate transfer belt 11 rotates in the direction A1, the 
primary transfer rollers 12Y, 12M, 12C, and 12Bk apply a 
voltage to the intermediate transfer belt 11 at different 
timing, such that each image formed on the photosensitive 
elements 20Y, 20M, 20C, and 20Bk are subsequently super 
posed on the intermediate transfer belt 11. 
The photosensitive elements 20Y, 20M, 20C, and 20Bk 

are arranged in this order from the upstream side toWard the 
doWnstream side of the direction A1. 
The image forming apparatus 100 includes four image 

forming stations for forming yelloW, magenta, cyan, and 
black images; a transfer belt unit 10 located above the 
photosensitive elements 20Y, 20M, 20C, and 20Bk includ 
ing the intermediate transfer belt 11 and the primary transfer 
rollers 12Y, 12M, 12C, and 12Bk; the secondary transfer 
roller 5 that is rotated in conjunction With the rotation of the 
intermediate transfer belt 11; an intermediate-transfer-belt 
cleaning device 13 facing the intermediate transfer belt 11 
for cleaning the intermediate transfer belt 11; and the optical 
scanning device 8 located beneath the image forming sta 
tions. 

The optical scanning device 8 includes a semiconductor 
laser as a light source, a coupling lens, a fe lens, a toroidal 
lens, a mirror, and a rotational polygon mirror. The optical 
scanning device 8 irradiates a laser beam L corresponding to 
each color of the photosensitive elements 20Y, 20M, 20C, 
and 20Bk, to form electrostatic latent images on each of the 
photosensitive elements 20Y, 20M, 20C, and 20Bk. 

Furthermore, in the image forming apparatus 100, sheets 
of the transfer paper S are stacked in a sheet feeding cassette 
included in a sheet feeding device 61. The transfer paper S 
is conveyed from the sheet feeding device 61 toWards a pair 
of registration rollers 4. When a sensor (not shoWn) detects 
that a leading edge of the transfer paper S has reached the 
registration rollers 4, the registration rollers 4 convey the 
transfer paper S to the secondary transfer position betWeen 
the secondary transfer roller 5 and a secondary-transfer 
backup roller 72, in synchronization With a toner image 
carried on the intermediate transfer belt 11. 

After the toner images are transferred onto the transfer 
paper S, the transfer paper S is conveyed to a ?xing device 
6 that ?xes the toner images onto the transfer paper S by a 
heat-roller ?xing method. The transfer paper is then dis 
charged out of the image forming apparatus 100 onto a 
discharge tray 17 by a discharge roller 7. Beneath the 
discharge tray 17, there are provided toner bottles 9Y, 9M, 
9C and 9Bk containing yelloW, magenta, cyan, and black 
toner, respectively. 

In addition to the intermediate transfer belt 11 and the 
primary transfer rollers 12Y, 12M, 12C, and 12Bk, the 
transfer belt unit 10 also includes the secondary-transfer 
backup roller 72, a cleaning backup roller 73, and a tension 
roller 74, around Which the intermediate transfer belt 11 is 
Wound around. The secondary-transfer-backup roller 72 and 
the secondary transfer roller 5 form a secondary transfer nip 
at Which the intermediate transfer belt 11 is sandWiched. 
The cleaning backup roller 73 and the tension roller 74 

each include a spring to apply tension to the intermediate 
transfer belt 11. The transfer belt unit 10, the secondary 
transfer roller 5, and the intermediate-transfer-belt cleaning 
device 13 constitute a transfer device 71. 
The sheet feeding device 61 has a feeding roller 3 that 

contacts a top surface of a top sheet located on a top of a pile 
of the transfer paper S stacked in the sheet feeding cassette. 














